ABSTRACT Background: The associations of egg consumption with cardiovascular disease (CVD) and diabetes are still unclear. Objective: We aimed to quantitatively summarize the literature on egg consumption and risk of CVD, cardiac mortality, and type 2 diabetes by conducting a meta-analysis of prospective cohort studies. Design: A systematic literature review was conducted for published studies in PubMed and EMBASE through March 2012. Additional information was retrieved through Google or a hand review of the reference from relevant articles. Studies were included if they had a prospective study design, were published in English-language journals, and provided HRs and 95% CIs for the associations of interest. Data were independently extracted by 2 investigators, and the weighted HRs and 95% CIs for the associations of interest were estimated by using a random-effects model. Results: A total of 22 independent cohorts from 16 studies were identified, including participants ranging in number from 1600 to 90,735 and in follow-up time from 5.8 to 20.0 y. Comparison of the highest category ($1 egg/d) of egg consumption with the lowest (,1 egg/wk or never) resulted in a pooled HR (95% CI) of 0.96 (0.88, 1.05) for overall CVD, 0.97 (0.86, 1.09) for ischemic heart disease, 0.93 (0.81, 1.07) for stroke, 0.98 (0.77, 1.24) for ischemic heart disease mortality, 0.92 (0.56, 1.50) for stroke mortality, and 1.42 (1.09, 1.86) for type 2 diabetes. Of the studies conducted in diabetic patients, the pooled HR (95% CI) was 1.69 (1.09, 2.62) for overall CVD. Conclusion: This meta-analysis suggests that egg consumption is not associated with the risk of CVD and cardiac mortality in the general population. However, egg consumption may be associated with an increased incidence of type 2 diabetes among the general population and CVD comorbidity among diabetic patients. Am J Clin Nutr
INTRODUCTION
Although elevated circulating cholesterol is an established risk factor for cardiovascular disease (CVD) 4 (1-5), studies have shown inconsistent results on dietary cholesterol intake and risk of CVD (6) (7) (8) (9) (10) (11) (12) (13) (14) . On the basis of 2 meta-analyses (15, 16) , a 100-mg dietary cholesterol intake would increase plasma total cholesterol by 2.2-2.5 mg/dL, LDL cholesterol by 1.9 mg/dL, and HDL cholesterol by 0.4 mg/dL. In addition, some cholesterol feeding studies (17) (18) (19) observed that dietary cholesterol intake had little effect on the change in the ratio of LDL to HDL cholesterol. However, the association between dietary cholesterol intake and risk of CVD remains unclear (20) .
Egg consumption is one of the main sources of dietary cholesterol. A medium egg contains w225 mg cholesterol (21) . A meta-analysis of clinical trials (22) found that the addition of 100 mg dietary cholesterol from eggs increased the ratio of total to HDL cholesterol by 0.02 units as well as plasma total cholesterol by 2.2 mg/dL and HDL cholesterol by 0.3 mg/dL. However, a few randomized controlled trials (RCTs) published later reported that egg consumption did not appreciably alter plasma total cholesterol, LDL cholesterol (23) (24) (25) , HDL cholesterol (24, 25) , or the ratio of total to HDL cholesterol (19, 25, 26) . In addition, 2 RCTs (27, 28) found that consuming 2 eggs/d for 6 wk had no adverse effect on endothelial function. To date, no RCT data are available, whereas many observational studies relating egg consumption to the risk of CVD (29) (30) (31) (32) (33) (34) (35) (36) and diabetes (37) (38) (39) (40) (41) have been published. However, the findings from these studies are inconsistent. To quantitatively investigate the overall longitudinal associations of egg consumption with incidence of CVD, type 2 diabetes, and cardiac mortality, we conducted a metaanalysis of prospective cohort studies.
SUBJECTS AND METHODS

Data sources and searches
We performed this meta-analysis according to the guidelines of the Meta-analysis Of Observational Studies in Epidemiology (42) . A systematic literature search was conducted to identify published studies in PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) and EMBASE (http://www.embase.com/) through March 2012; for diet assessment, categories of egg intake, number of events, methods for case identification, adjusted covariates, and HRs or RRs and their 95% CIs in the corresponding exposure categories. All procedures, including the literature search, study selection, and data extraction, were independently performed by 2 authors (JYS and PX). Any discrepancies were resolved by group discussion.
To evaluate the quality of the studies included, we designed a scoring system with several a priori selected important characteristics that can affect study quality based on the literature. The scoring system was created to account for study eligibility (1 point if inclusion and exclusion criteria were clear), exposure (1 point if egg consumption was assessed by a validated tool, and 1 point if egg consumption was appropriately categorized), outcome (1 point if outcome of interest was not solely based on selfreport), and statistical analysis (1 point if adjustment included a few major demographic and lifestyle variables such as age, BMI, smoking, and physical activity). The scoring system was designed with reference to the Meta-analysis Of Observational Studies in Epidemiology (42) and allowed a total score up to 5 points, with 5 reflecting the highest quality.
Statistical analysis
We estimated the pooled HRs (95% CIs), from a comparison of the highest category of egg consumption with the lowest, by using a random-effects model proposed by DerSimonian and Laird (52) . All pooled HRs and 95% CIs were estimated by using data from the fully adjusted models. In this meta-analysis, the pooled HRs of overall CVD, type 2 diabetes, stroke, and ischemic heart disease (IHD) [including coronary artery disease, coronary heart disease (CHD), and myocardial infarction in relation to egg consumption were estimated. In adddition, the pooled HRs of mortality from overall CVD, IHD, and stroke were assessed. In addition, we computed the pooled HRs of overall CVD and mortality in patients with diabetes. Because the number of exposure categories was heterogeneous across primary studies or cohorts, we could not standardize egg consumption for all of the included studies. Thus, we calculated the pooled HRs (95% CI) by comparing the highest with the lowest category of egg consumption. If the results were generated from the same cohorts in different publications, we used data from the most recent publication. Because most of the studies reported results on total stroke, we combined ischemic and hemorrhagic stroke if the data on total stroke were not available, and the new results were used for the pooled estimation of stroke risk. In addition, the HRs with 95% CIs of overall CVD and mortality were pooled in studies among diabetic patients.
Cochran's test was used to evaluate the statistical heterogeneity and the I 2 statistic was calculated to quantify the degree of inconsistency across individual studies. In addition, the Egger asymmetry test was used to examine publication bias (53) . Sensitivity analyses were conducted to assess whether the results could have been affected markedly by any single study. All analyses were performed by using STATA statistical software (version 11.0; STATA Corp). All statistical tests were 2-sided, and a P value #0.05 was considered statistically significant.
RESULTS
Study characteristics
Characteristics of the 22 included cohorts from 16 eligible studies are shown in Table 1 (in the general population) and Table 2 (in diabetic individuals). Of 8 independent cohort studies of CVD in the general population, 7 were conducted in Western countries and 1 in Asia. The number of participants and duration of the follow-up ranged from 1600 to 90,735 and from 6 to 20 y, respectively. Of 8 independent cohort studies of mortality, 5 were conducted in Western countries and 3 in Asia. The number of individuals and duration of the follow-up ranged from 4077 to 37,130 and from 9 to 20 y, respectively. All 5 independent cohort studies of type 2 diabetes were conducted in Western countries. The number of participants and duration of follow-up ranged from 1669 to 36,295 and from 11 to 20 y, respectively (Table 1) . In patients with diabetes, 4 studies (30, 33, 35, 48) reported HRs on overall CVD risk, and 3 studies (33, 34, 50) reported results on overall mortality. The number of patients and duration of followup ranged from 341 to 5672 and from 7 to 20 y, respectively. All studies in diabetic patients were conducted in Western countries ( Table 2 ). Egg consumption was assessed by using a self-administered or interview-based food-frequency questionnaire and categorized into 3-6 groups. The quality scores for all included studies were $3 points based on our 5-point scoring system.
Egg consumption and risk of CVD
A total of 9839 incident cases of CVD from 348,420 participants in 8 cohorts were identified during an average of 11.3 y of follow-up, 5401 incident cases of IHD from 239,729 participants in 5 cohorts were documented with an average of 11.9 y followup, and 4189 incident cases of stroke from 241,900 participants in 5 cohorts were determined in 12.1 y follow-up. In comparison with those who never consumed egg or ate egg less than once per week, individuals who ate egg once per day or more did not have significantly higher risks of overall CVD, IHD, and stroke. The pooled HRs (95% CIs) were 0.96 ( 0.88, 1.05) for overall CVD, 0.97 (0.86, 1.09) for IHD, and 0.93 (0.81, 1.07) for stroke ( Figure 2 ).
Egg consumption and risk of mortality
Of 103,202 participants in 8 cohorts, 11,845 overall deaths were documented during an average of 15.3 y follow-up. In particular, 510 deaths were from IHD and 1,818 deaths were from stroke. No significant associations were found between egg consumption and mortality. The pooled HRs were 1.13 (95% CI: 0.95, 1.33) for overall mortality, 0.98 (95% CI: 0.77, 1.24) for IHD mortality, and 0.92 (95% CI: 0.56, 1.50) for stroke mortality in a comparison of the highest ($1 egg/d) with the lowest category (never or ,1 egg/wk) of egg consumption ( Table 3) .
Egg consumption and risk of type 2 diabetes
A total of 4889 of 69,297 participants in 5 cohorts developed type 2 diabetes during an average of 14.8 y follow-up. Egg consumption was associated with an elevated risk of incident type 2 diabetes. The pooled HR was 1.42 (95% CI: 1.09, 1.86) in a comparison of the highest with the lowest category of egg consumption (Table 3) .
Egg consumption and risk of CVD and mortality in patients with diabetes
The pooled database for CVD includes 7549 diabetic patients in 4 cohorts during an average of 9.5 y follow-up and 606 deaths were documented among 1529 diabetic participants in 3 cohorts
EGG CONSUMPTION IN RELATION TO CVD AND DIABETES
TABLE 1
Characteristics of the general population in the included studies Two cohort studies have the outcomes for stroke from the same cohort, HPFS. (Figure 3) . However, egg consumption was not significantly associated with risk of overall mortality ( Table 3) .
Sensitivity analyses
We did not find significant heterogeneity (I 2 : 0.0-59.2%) among the included studies in the main analyses, except for pooled overall mortality (I 2 : 59.2%, P = 0.01), which combined death from all causes. In addition to comparing 2 extreme categories, we performed sensitivity analyses by replacing the highest category with the second highest category, and the results were generally consistent. In addition, we found that none of the studies markedly influenced the pooled estimate when we excluded one study at a time in the meta-analysis.
Publication bias
Publication bias was assessed by using the Egger's regression asymmetry test. No evidence of substantial publication bias was found: P = 0.67 (in the general population) and P = 0.66 (in diabetic patients) for overall CVD incidence, P = 0.999 (in the general population) and P = 0.29 (in diabetic patients) for overall mortality, and P = 0.47 for incidence of type 2 diabetes.
DISCUSSION
Accumulated epidemiologic evidence generated from this meta-analysis suggests that egg consumption is not associated with an increased risk of overall CVD, IHD, stroke, or mortality. However, compared with those who never consume eggs, those who eat 1 egg per day or more are 42% more likely to develop type 2 diabetes. Among diabetic patients, frequent egg consumers (ie, $ 1 egg/d) are 69% more likely to have CVD comorbidity.
A few strengths of this meta-analysis need to be highlighted. First, most of the studies or cohorts involved in this meta-analysis had a large sample size and long-term follow-up period, which potentiated the statistical power to evaluate the relation between egg consumption and risk of CVD, mortality and type 2 diabetes. For example, our meta-analysis for the risk of CVD comprises .345,000 male and female individuals with a wide age range (20-90 y) and an average of 11.3 y of follow-up. Also, our pooled estimation was based on prospective cohort studies, which largely reduced the likelihood of inherent selection bias and recall bias from the included primary studies. Because of practical and ethical considerations, it may not be feasible to conduct a long-term, double-blinded, and placebo-controlled randomized trial on egg consumption and chronic diseases. Thus, the value of this meta-analysis of prospective cohort studies is enhanced. In addition, this meta-analysis allowed us to examine the longitudinal associations of egg consumption with multiple chronic diseases. Moreover, sensitivity analyses showed that our findings were robust, and the pooled estimates were not substantially affected by any of the included primary studies.
Several limitations also need to be considered. First, our results may have been affected by the inherent limitations of primary studies. The possibility of residual confounding or bias, including diet measurement errors, cannot be excluded. In particular, our inability to standardize egg consumption in all of the included studies might have confounded our results, although the likelihood should be small because the reference group and the highest egg consumption group were similar in most primary studies. In addition, the heterogeneity of exposure categories across the individual studies limited our capability to examine a possible dose-response relation. In addition, although we found little evidence of publication bias by statistical tests, publication bias may have existed because of unpublished data or publications in non-English journals.
It has been thought that egg consumption may increase the risk of CVD because egg is a major dietary source of cholesterol. However, whether dietary cholesterol intake significantly affects the lipid profile and, consequently, is associated with the risk of CVD is still unclear. There are several possible explanations for the null association findings between egg consumption and the risk of CVD in this meta-analysis. First, the overall effect of egg consumption on circulating cholesterol concentrations may not be sufficient to appreciably increase the risk of CVD (54) . A meta-analysis (22) found that the addition of 100 mg dietary cholesterol from eggs (approximately half of an egg) per day would increase plasma LDL cholesterol by 1.9 mg/dL, HDL cholesterol by 0.3 mg/dL, and the ratio of total to HDL cholesterol by 0.02 units. Another meta-analysis (15) reported that consuming 1 egg/d increased plasma LDL cholesterol by 4.1 mg/dL, increased HDL cholesterol by 0.9 mg/dL, and had little effect on the ratio of LDL to HDL cholesterol-a major predictor of CHD. Of note, the unfavorable effect of egg consumption on LDL and total cholesterol may be attenuated by its favorable effect on HDL cholesterol. Second, most of the included studies were conducted in Western countries that traditionally have a relatively high-cholesterol diet. Thus, it is likely that the background cholesterol concentration among these participants was already high, so that changes in their cholesterol concentrations might not be sensitive to egg consumption (55, 56) . Third, egg is also a good source of nutrients, which may provide a cardioprotective effect. For example, egg is a good source of B vitamins, including choline, which may lower homocysteine concentrations (57, 58) . Thus, the overall effect of egg consumption may reflect the interactions of cholesterol with other nutrients in egg. Notably, 2 RCTs showed that consumption of 2 eggs/d for 6 wk did not induce an adverse effect on endothelial function-an indicator of CHD risk (27, 28) .
In addition, we found that egg consumption was associated with an increased risk of CVD in diabetic patients. The mechanisms are not fully understood. Presumably, diabetic patients are at high risk of developing CVD and may be more sensitive to egg consumption. A small change in circulating cholesterol may substantially increase the risk of CVD in patients with diabetes. Also, a study indicated that cholesterol synthesis and plasma lipid concentrations, including total cholesterol and triglyceride, were higher in type 2 diabetic patients with uncontrolled hyperglycemia (59) . Hence, egg consumption may induce unfavorable effects on lipid profiles and lead to an increased risk of CVD in patients with diabetes. However, a diet intervention study (60) showed that an energy-restricted high-protein diet with high cholesterol (2 eggs/d) for 12 wk increased HDL cholesterol concentrations compared with an energy-restricted high-protein diet with low cholesterol (egg replaced by 100 g lean animal protein) in type 2 diabetic patients. Of note, both intervention and control diets significantly reduced body weight, total cholesterol, fasting plasma glucose and insulin, and blood pressure.
In the current meta-analysis, we observed a positive association between egg consumption and risk of type 2 diabetes. Although the findings were inconsistent, some animal studies suggested that high cholesterol feeding increased fasting plasma glucose concentrations or induced hyperinsulinemia and impaired glucose tolerance (61) (62) (63) . Studies have also suggested that elevated serum cholesterol might be associated with an increased islet cholesterol content and directly induce b cell dysfunction by reducing glucose-stimulated insulin secretion (64, 65) . In addition, studies have indicated that dietary cholesterol might be associated with chronic, low-grade inflammation (66, 67) , which is a mechanism underlying the development of insulin resistance and type 2 diabetes. Moreover, our results on egg consumption and risk of diabetes are supported by some other human studies (38) (39) (40) 68 ) that do not meet our inclusion criteria. Furthermore, some prospective cohort studies found that dietary cholesterol intake was associated with risk of type 2 diabetes (69, 70) and gestational diabetes (71) . However, RCTs in participants consuming a carbohydrate-restricted diet showed that consumption of 3 eggs/d for 12 wk did not significantly change plasma fasting glucose (72, 73) and insulin resistance (73) compared with placebo (equivalent amount of egg substitute without dietary cholesterol). Of note, the possibility cannot be completely excluded that the observed positive associations between egg consumption and risk of type 2 diabetes are explained by residual confounding from unmeasured factors, because diabetes was the secondary outcome in most included studies. Nevertheless, future studies are warranted.
In conclusion, this meta-analysis of prospective cohort studies does not support an increase in the risk of CVD and mortality in the general population with regular egg consumption. However, egg consumption may be associated with an increased risk of type 2 diabetes, and diabetic patients with frequent egg consumption may be more likely to develop CVD comorbidity. Clearly, more studies are needed to elucidate the potential mechanisms linking egg consumption to diabetes risk. Particularly, experimental studies are warranted to explore how dietary cholesterol is involved in glucose and insulin homeostasis. Although we have drawn attention to the association between high egg consumption and the risk of type 2 diabetes, and the potential increased risk of CVD with egg consumers in patients with type 2 diabetes, the results of this meta-analysis should be interpreted with caution and may not justify changes in current dietary advice on egg consumption until more scientific data become available.
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